Abstract-The NASA's Earth Observing System Aqua Moderate Resolution Imaging Spectroradiometer (MODIS) has continued to operate with satisfactory performance since its launch in May 2002, exceeding its nominal six-year design lifetime. Its continuous Earth observations have been used to generate many science data products for studies of the Earth's system. MODIS has 36 spectral bands: 20 reflective solar bands and 16 thermal emissive bands (TEBs). All TEB observations are made at 1-km nadir spatial resolution with spectral wavelengths from 3.7 to 14.4 μm. Primary applications of MODIS TEB include surface, cloud, and atmospheric temperatures, water vapor, and cloud top altitude. MODIS TEB on-orbit calibration uses a quadratic algorithm with its calibration coefficients derived using an onboard blackbody (BB). This paper will present Aqua MODIS TEB on-orbit calibration, characterization, and performance over its six-year mission. Examples of instrument thermal behavior, BB temperature stability, detector short-term stability, and changes in long-term response (or system gain) will be presented. Comparisons will also be made with Terra MODIS, launched in December 1999. On-orbit results show that Aqua MODIS and its focal plane temperatures have behaved normally. BB temperature has remained extremely stable with typical scan-to-scan variations of less than ±0.15 mK. Most TEB detectors continue to exceed their specified signal-to-noise ratio requirements, exhibiting excellent short-term stability and calibration accuracy. Excluding a few noisy detectors, either identified prelaunch or occurring postlaunch, on-orbit changes in TEB responses have been less than 0.5% on an annual basis. By comparison, the overall Aqua TEB performance has been better than that of Terra MODIS.
instruments carried by the Aqua satellite and thus is referred to as the Aqua MODIS. Its predecessor, the proto-flight model instrument, referred to as the Terra MODIS, was launched onboard the NASA EOS Terra spacecraft on December 18, 1999 . Both Terra and Aqua spacecrafts are operated in a near sun-synchronous polar orbit at a nominal altitude of 705 km, with Terra's equatorial crossing time of 10:30 AM (descending southward) and Aqua's equatorial crossing time of 1:30 PM (ascending northward). The MODIS was designed with advances over its heritage sensors in terms of its wide spectral coverage (0.41-14.4 μm), three different spatial resolutions (250 m, 500 m, and 1 km), frequent global coverage (less than two days), and stringent radiometric calibration requirements, in order to extend and enhance their data records and improve climate and environmental monitoring capability [6] , [7] . Since launch, MODIS observations have been used continuously to generate a broad range of science data products, including land, ocean, and atmosphere products that have significantly benefited the science community and worldwide users for their research activities and science applications [8] [9] [10] [11] . Together, Terra and Aqua MODIS have produced over 14 years (8.5 years for Terra and 6 years for Aqua MODIS) of global data records.
MODIS is a cross-track scanning (whisk broom) radiometer that uses a double-sided scan mirror, making observations over a scan angle range of ±55
• relative to instrument nadir. MODIS spectral bands cover wavelengths in the visible (VIS), near infrared (NIR), short-wave infrared (SWIR), midwave infrared (MWIR), and long-wave infrared (LWIR). The VIS, NIR, and SWIR bands are the reflective solar bands (RSBs), collecting data (reflected solar radiation) only at daytime. The MWIR and LWIR, with wavelengths from 3.7 to 14.4 μm, are the thermal emissive bands (TEBs), collecting data (surface thermal emission) at both daytime and nighttime. Table I is a list of key TEB design specifications, including their primary science applications. MODIS TEB on-orbit calibration uses a quadratic algorithm with calibration coefficients determined from its onboard blackbody (BB) and space view (SV) observations on a scan-by-scan basis.
In this paper, we discuss Aqua MODIS TEB on-orbit calibration, characterization, and performance. Similar discussions and results for the RSB will be reported in a separate paper. Following a brief description, in Section II, of key instrument components, such as its focal plane assemblies (FPAs), onboard calibrators (OBCs), and Aqua TEB prelaunch calibration and characterization, this paper presents (Section III) the TEB onorbit calibration activities, general methodologies, and special considerations. The focus of this paper, addressed in Section IV, is on instrument and calibration performance. Results are TABLE I  MODIS TEB SPECIFICATIONS illustrated and discussed for instrument thermal behavior, onboard BB temperature stability, TEB detector short-term stability, and long-term response (or gain) changes over the entire mission. Whenever appropriate, comparisons are also made with Terra MODIS TEB performance. Since launch, Aqua MODIS has operated with the same configuration, demonstrating excellent calibration stability. In general, Aqua MODIS TEB performance has been satisfactory and, to a certain extent, better than its processor, Terra MODIS. Section V of this paper is dedicated to lessons learned and challenges to the extended mission and for future mission design and development. To a large extent, successful operation and calibration of the MODIS instruments are attributed to adequate resources and dedicated efforts by the MODIS Characterization Support Team at NASA Goddard Space Flight Center and extensive vicarious calibration activities and contributions from many other MODIS calibration scientists over the years [12] [13] [14] [15] [16] [17] [18] . Due to enhanced design requirements for MODIS on-orbit radiometric, spatial and spectral calibration and characterization, it was designed with a set of OBCs that includes a solar diffuser (SD), an SD stability monitor (SDSM), a BB, a spectroradiometric calibration assembly (SRCA), and an SV port. The SD/SDSM system is primarily used for RSB calibration, the BB for TEB calibration, and the SRCA for spatial and spectral characterization. The SV port was designed to provide scanto-scan measurements of instrument background and electronic offsets.
There are a total of 160 individual TEB detectors (10 per band). All the TEB observations are made at 1-km nadir spatial resolution. Bands 31-36 use photoconductive (PC) HgCdTe detectors, and the other TEB bands consist of photovoltaic (PV) HgCdTe detectors. MODIS TEB calibration is performed on a scan-by-scan basis with reference to the onboard BB temperature, which determines its emitted spectral radiance. The BB temperature is measured each scan via a set of thermistors that was characterized prelaunch with reference to the National Institute of Standards and Technology (NIST) temperature standards.
With lessons learned from Terra MODIS design and characterization, Aqua MODIS went through a fairly extensive prelaunch calibration and characterization activities, particularly for the TEB. The additional prelaunch tests performed for Aqua MODIS included as follows: 1) calibration and characterization using all possible cross-strapped combinations of primary and redundant electronics and formatter; 2) improved TEB response versus scan angle measurements; 3) elimination of optical leak for bands 31-36; and 4) minimization of SWIR band electronic crosstalk. Details on the lessons learned from Terra MODIS as applied to Aqua MODIS have been described previously [19] . In addition to spectral and spatial characterization, the TEB radiometric calibration was made in a thermal vacuum (TV) environment at three different instrument temperature plateaus: cold (257 K), nominal (266 K), and hot (274 K). At the TV nominal plateau, the TEB response was also characterized at three different cold FPA temperatures: 83 K, 85 K, and 88 K. A BB calibration source (BCS) was operated in the TV and used for the TEB radiometric calibration. A separate SV source was located near the SV port and used for sensor background measurements. Each set of TEB radiometric calibrations was performed using either 21 or 11 BCS temperatures ranging from 170 K to 340 K. Each detector's response (gain) and nonlinearity, dynamic range (saturation radiance/temperature: L SAT /T SAT ), and noise performance were characterized from its responses to different BCS temperature/radiance levels. Table II is a summary of Aqua MODIS TEB dynamic range measured prelaunch in terms of band-averaged T sat . For comparison, the maximum temperature specification (T max ) and the Terra MODIS TEB T sat values are also included in this table. Among all 160 TEB detectors, only one detector was found to be noisy prelaunch. This has been a significant improvement compared to a total of 11 noisy detectors found in Terra MODIS TEB prelaunch.
MODIS TEB on-orbit calibration uses a quadratic calibration algorithm with reference to the onboard BB. Key parameters determined prelaunch include detector response nonlinear coefficients and OBC BB emissivity. The onboard BB emissivity was characterized using detector responses to both the BCS (reference source) and the onboard BB under the same TV conditions and at the same time. Results from all detectors in a band were averaged to determine the in-band spectral emissivity. With improvements made over Terra MODIS, the Aqua MODIS successfully performed measurements of the TEB response versus scan angle (RVS). The TEB RVS was characterized using sensor response to the BCS at different angles of incidence (AOI). The measurements were made in an ambient environment with the MODIS mounted on a rotating table so that the BCS, at fixed temperature settings, could be viewed at different AOI. For Terra MODIS, the data quality from its TEB RVS measurements was inadequate to derive the RVS. Therefore, the initial Terra TEB RVS had to be derived from its scan mirror witness sample reflectance measurements and from other optical parameters derived from Aqua MODIS RVS measurements. It was not until three years after Terra launch that the TEB RVS was successfully retrieved from observations made during spacecraft maneuvers [20] . Fig. 1 shows the TEB RVS, currently used in the Aqua MODIS Level 1B (L1B) calibration algorithm, as derived from the prelaunch measurements [21] . It can be seen that the RVS for both mirror sides is nearly identical.
Unlike Terra MODIS, the Aqua MODIS TEB characterization was made using many different configurations, including sensor primary and redundant electronic configurations and configurations by cross-strapping primary and redundant subsystems of power supplies, analog signal processors, and digital data formatters. Analyses of sensor characteristics and performance at different configurations led to a decision to use the B-side (redundant) electronics for the Aqua MODIS onorbit operation.
III. TEB CALIBRATION AND BB OPERATION
Details on the MODIS TEB calibration have been reported in a number of references [22] [23] [24] . In the following, only a brief description is provided for the TEB calibration and onboard BB operation. In general, MODIS TEBs use a quadratic algorithm [23] that relates the sensor's at-aperture radiance (L S ) and each detector's response in digital number (dn S ) after subtracting the instrument background
The calibration coefficients (a 0 , a 1 , and a 2 ) are determined for each band, detector, and mirror side. For prelaunch TEB calibration using a large aperture BCS, the source term L S on the left-hand side (LHS) of (1) was replaced by L BCS , which included a dominant BCS radiance term and a small scan mirror component. The small contribution from the scan mirror is primarily due to the fact that its emission depends on the viewing angle to the scan mirror. Since the calibration source and the SV are located at different viewing angles to the scan mirror, the scan mirror emission cannot be completely removed during instrument background subtraction.
For on-orbit EV radiance retrieval, the source term on the LHS of (1) is then replaced by L EV . As the scan mirror rotates, the scan mirror contribution to the L EV varies continuously with the EV AOI to the scan mirror. Similarly, when the BB is used for the on-orbit calibration, the source term becomes L BB . However, in addition to the dominant BB thermal emission and a small scan mirror contribution, a separate term for the scan cavity emission reflected from the onboard BB panel is included in the calibration source term L BB . All the source radiance terms are computed for each individual TEB detector using the Planck equation weighted over its relative spectral response, determined from prelaunch spectral characterization. To emphasize the TEB scan-by-scan on-orbit calibration approach, the linear term a 1 is substituted by b 1 , which is derived from each detector's response to the temperature-controlled BB. The offset and nonlinear terms, a 0 and a 2 , in the quadratic calibration algorithm are derived prelaunch and updated onorbit if necessary.
Since launch, Aqua MODIS has successfully operated using the same configuration (B-side). A few spacecraft-related events or anomalies at the beginning of mission resulted in minor interruptions of MODIS data collection. On the contrary, Terra MODIS on-orbit operation has experienced several spacecraft as well as sensor anomalies and events that have led to changes in sensor operational configurations from the initial A-side (primary) electronic configuration to the B-side and, finally, to the current cross-strap configuration that consists of A-side electronics (power supply and signal processor) and B-side formatter. Table III provides a simplified timeline of spacecraft and sensor events that could have potential impact on Aqua MODIS TEB operation and calibration.
During its nominal operation, the Aqua MODIS BB temperature is constantly set at 285 K. On a periodic basis, a BB warmup and cool-down (BB WUCD) operation is executed during which the BB temperature varies from instrument ambient of about 270 K-315 K, providing a unique opportunity to evaluate quadratic calibration coefficients. This operational activity also enables the TEB detector response and noise characterization to be examined at multiple temperature or radiance levels. Table IV As an example, the BB temperature profile during the WUCD activity beginning on day 2008/068 is shown in Fig. 2 . In order to collect multiple scans of data at temperatures other than its nominal setting of 285 K, several temperature plateaus (280 K, 285 K, and 290 K) are added to the BB WU cycle.
As noted in Table II, detectors from these bands will saturate during BB WUCD once the BB temperature is above their corresponding saturation temperature values. Because of this, a minor modification is made to the scan-by-scan calibration algorithm such that fixed gains (linear calibration coefficients), provided through look-up tables (LUTs), are used once the BB temperature is above their T sat values. Another special case is related to band-21 calibration. This band is designed for fire detection with a high T sat or low-gain value. Typical band-21 detector response to the OBC BB is less than 50 digital counts, approximately 1/8 of its entire dynamic range. Like Terra MODIS, the linear calibration coefficients are provided through LUTs. The timedependent LUT values are derived from offline analyses using data from each OBC BB WUCD.
IV. ON-ORBIT PERFORMANCE

A. OBC BB Performance
MODIS OBC BB temperature is measured on a scan-byscan basis using a total of 12 platinum resistance thermistors distributed uniformly across the BB panel substrate. As previously mentioned, all the thermistors were calibrated prelaunch to the NIST temperature scales. In the L1B calibration code, the average temperature from all 12 thermistors is used. A simple 3-sigma exclusion algorithm is exercised in order to remove potential outliers or unexpected random noise among the 12 thermistors when computing the BB average temperature. For Aqua MODIS, the BB nominal operation temperature has been set at 285 K since launch, compared to 290 K for Terra MODIS. Table V illustrates the short-term stability of all 12 individual thermistors using their temperature standard deviations. The results are derived from data over a complete orbit (about 100 min or 4000 scans) in 2002, 2004, 2006, and 2008 . In general, all 12 thermistors have shown excellent shortterm stability with temperature variations of less than ±15 mK. These thermistor temperature variations are much smaller than each band's specified noise equivalent temperature difference (NEdT) (shown in Table I ); therefore, the resulting impact on L1B radiances is expected to be very small.
To illustrate OBC BB long-term stability, an average over a 5-min data granule is used. The results for a single thermistor (No. 1) and the average from all 12 thermistors are shown in Fig. 3 (selecting only nighttime granules) . Except for a few spacecraft events at the beginning of the mission, Aqua MODIS has operated without changes of instrument configuration. Obviously, this has contributed to the BB long-term stability. For over six years, the average BB temperature drift per year is less than 2 mK. It should be pointed out that, in addition to BB thermistor random noise, some small temperature fluctuations (as shown in Fig. 3 for thermistor 1) are due to instrument operational conditions, such as orbit to orbit differences, daytime and nighttime, and seasonal variations.
B. Cold FPA Performance
For Aqua MODIS, the cold FPA temperatures are controlled at 83 K using a passive radiative cooler assembly and a microheater. Since the sensor has been operated under the redundant electronic configuration (B-side), only the heater on the SMIR FPA has been applied thus far. Table VI is a summary of SMIR and LWIR FPA short-term temperature stability derived from the same data sets used in Table V . In general, the SMIR FPA temperature short-term stability varies from 20 mK to 25 mK, and the LWIR FPA temperature short-term stability varies from 20 mK to 35 mK. A slow, but noticeable, deterioration in short-term stability is due to the slow decrease of thermal margins of the sensor radiative cooler. Since the TEB calibration and retrieval are performed on a scan-by-scan basis, small FPA temperature changes will have no impact on calibration and retrieval quality. The cold FPA long-term stability is shown in Fig. 4 . It is not surprising that the SMIR FPA shows better stability performance than the LWIR FPA since the temperatures of the CFPA are controlled by an electric heater on the SMIR FPA. The LWIR FPA is passively controlled and is influenced by the instrument thermal environment, which can cause slight fluctuations in temperature on the order of 10 mK over an orbit. The long-term trend in Fig. 4 uses only nighttime granules.
C. Detector Noise Characterization and Short-Term Stability
The noise performance of each TEB detector is evaluated by measurements of NEdT. This quantity is a key contributor to the TEB calibration uncertainty [25] , [26] . Table I lists the NEdT requirement for each band at the typical scene temperature (T typ ). Measurements of the BB by each detector are used to determine the NEdT at the controlled BB temperature (285 K on Aqua) on a daily basis to track instrument performance. More comprehensive studies of the NEdT for a range of BB temperatures from 270 K to 315 K are performed on a quarterly basis when the BB is scheduled to have a WUCD cycle (Fig. 2) . Determination of the NEdT for observations with temperatures below the BB temperature range relies on measurements of other stable targets other than those from the BB. The instrument cavity contains a wide range of temperatures, which are lower than the BB temperatures depending on the location within the cavity. In addition, the thermal status of the instrument inside the cavity is considered to be relatively stable on a scan-by-scan time scale. The instrument cavity can be observed in multiple scans by each detector during MODISscheduled lunar observations conducted generally once per month. Thus, we can select various cavity locations to estimate the NEdT for temperatures below the BB temperature range. PV HgCdTe detectors on the LWIR FPA. The instances of detectors becoming noisy on-orbit tend to occur shortly after passage of the spacecraft through the South Atlantic Anomaly. The L1B data product provides the noisy detector information through quality assurance flags. The on-orbit detector noise performance characterization is summarized in Table VII, using the band-average NEdT (noisy detectors excluded). The results in Table VII are derived from one WUCD activity in each year and normalized by each band's specified NEdT requirement in Table I . The year-to-year noise characterization demonstrates consistently low noise performance with the TEBs all well within the required NEdT specification, and lower than that of Terra MODIS after six years on-orbit [18] . The one exception is band 21, which is a low-gain fire-detection band and has very low detector response to the BB. In addition, the BB does not reach the L typ for band 21 during the WUCD activity, so the on-orbit NEdT is determined by extrapolation to L typ , leading to the larger normalized NEdT values shown in Table VII .
As described in Section III, the MODIS TEB calibration uses a quadratic algorithm, where the dominant linear coefficient (b 1 ) is computed scan-by-scan from each detector's response to the BB radiance. The short-term stability (i.e., scan-by-scan b 1 ) for bands 20, 22, 27, 28, 31, and 32 is shown in Fig. 6 for mirror side 1 and one detector over one complete orbit on March 7, 2008 . The results for mirror side 2 are essentially identical to those for mirror side 1. The short-term stability for these bands is within ±0.1%. Fig. 7 shows the CFPA temperatures on a scan-by-scan basis and the BB, mirror, instrument, and cavity temperatures in terms of scan-by-scan differences from the mean temperature, for the same orbit as the data in Fig. 6 . The mean temperatures for these for components are 284.99 K (BB), 273.90 K (mirror), 267.41 K (instrument), and 272.54 K (cavity). Since the b 1 calibration coefficient is determined on a scan-by-scan basis in the operational data processing, small variations in BB, mirror, instrument, and cavity temperatures are expected to have little impact on the resulting L1B product. However, fluctuations in the CFPA temperatures can influence the calibration coefficients as the TEB detector response is strongly temperature dependent. The CFPA temperature is controlled at 83 K for stability of the calibration and maintaining data quality. The orbital variation in CFPA temperatures shown in Fig. 7 is due to the loss of thermal margins as mentioned previously in Section IV-B. This small variation in CFPA temperature over an orbit of 100 min, less than 0.1 K, has minimal impact due to the scan-by-scan basis of the calibration (1.47 s). After six years in orbit, Aqua MODIS has shown excellent short-term stability, similar to that seen for Terra MODIS [18] .
D. TEB Long-Term Response Changes
The long-term trend in calibration coefficient b 1 is shown in Fig. 8 for mirror side 1 and each detector of bands 20, 22, 27, 28, 31, and 32. Unlike Terra MODIS, which had several changes in operational electronics configuration postlaunch, Aqua MODIS has operated in one electronics configuration since launch. The vertical dashed lines in the plots indicate the major spacecraft events listed in Table III . These events are all spacecraft anomalies during which MODIS entered a safe mode of operation, and upon return to science mode, there can be observable impacts on the sensor response, data product consistency, and continuity. Excluding the period early in the Aqua mission containing these spacecraft anomalies, it is shown in Fig. 8 that the response trends have been very stable. The annually averaged changes in TEB response are less than 0.15% for the MWIR PV bands (except band 21), less than 0.05% for the majority of the LWIR PV and PC bands. Band 27 (LWIR PV) has the largest annually averaged response change of nearly 0.3%, and band 32 had a larger response change of 0.2% than the other LWIR PC bands. Excepting these two bands, all other bands within a FPA grouping have similar response patterns. The long-term performance in terms of response trending observed for Aqua MODIS is better than that seen on Terra MODIS.
E. Special Issues
Several concerns for the calibration and characterization that were discovered for Terra MODIS, such as a PC band optical leak and prelaunch RVS, were addressed with a more thorough and comprehensive prelaunch calibration and characterization for Aqua MODIS, thus eliminating these potential problems. One concern unique to Aqua MODIS is the low T sat values shown in Table II for bands 33, 35 , and 36. These bands saturate when the BB temperature exceeds these T sat values during the quarterly WUCD activities. The upper BB temperature limit during the WUCD cycle is 315 K, so each of these three bands will saturate for a period of time during this activity when the BB temperature is above their T sat . To calibrate the EV data Band 21 is a low-gain fire-detection band to allow for observations over a large EV scene temperature range. The detector response to the operational BB temperature is relatively low, which can lead to large variation in the scan-by-scan derived linear calibration coefficients (b 1 ). To minimize the impact of these variations, the band 21 b 1 coefficients are provided through LUTs, with their values determined from analysis of the WUCD data sets. The offset and linear terms in the quadratic algorithm are set to zero, as their impact is negligible. Both Terra and Aqua MODIS currently use this approach in the on-orbit band 21 calibration. The long-term response trending for band 21 shows fluctuations within 5% over the first six years on-orbit.
V. LESSONS AND CHALLENGES
Details have been provided in our previous papers [18] , [19] , [27] of the lessons learned from Terra MODIS that could be applied to general TEB prelaunch and on-orbit calibration and characterization. Clearly, lessons learned from Terra MODIS have significantly benefited the Aqua MODIS instrument design, development, and characterization. Similarly, the lessons and experience from both Terra and Aqua MODIS have been used to help other new missions, such as the National Polar-orbiting Operational Environmental Satellite System Visible/Infrared Imager/Radiometer Suite [28] [29] [30] [31] .
For the TEBs, prelaunch calibration must be performed at different instrument and focal plane temperatures that cover the extremes of the on-orbit operational range. For sensors designed with both primary and redundant subsystems (modules), a comprehensive system-level radiometric calibration and characterization should be performed not only for a configuration with all primary modules but also for a configuration with all redundant modules. In addition, limited radiometric calibration and functional tests should be conducted for other cross-strapping configurations of all the primary and redundant subsystems. For Terra MODIS, no system-level radiometric calibration was performed prelaunch using crossstrapping configurations. However, its current on-orbit operational configuration, due to anomalies or failures of different subsystems, consists of the primary (A-side) power supply, primary analog signal processor, and redundant (B-side) formatter. Aqua MODIS, on the other hand, went through very extensive prelaunch calibration and characterization with most of the possible cross-strapping configurations. It was found that the complete redundant configuration had better performance, and thus, Aqua MODIS has operated using the B-side (redundant) configuration since the beginning of its mission.
The original MODIS design of the LWIR FPA had an optical leak from band 31 to the other PC bands (32) (33) (34) (35) (36) . For Terra MODIS, no fix was made prelaunch. Consequently, a correction algorithm was developed and implemented in the Terra MODIS L1B production code in order to remove the optical leak impact on bands 32-36 calibration and retrieval. In addition, continuous efforts are made to derive and monitor these correction coefficients. Aqua MODIS, on the other hand, made a prelaunch fix of the problem. Thus, there is no need for a correction algorithm that is similar to that used for Terra MODIS. It is not surprising that Aqua's performance is much better than that of Terra MODIS for these bands. If possible, the experience with Terra MODIS indicates that it is important to eliminate any sensor problem that can be corrected at prelaunch with an improved or modified design. One should not expect software corrections in the calibration algorithm to completely remove the impact of observations from different types of scenes.
With Aqua MODIS operating beyond its design life, continuous and extensive calibration efforts have become even more critical for correcting instrument changes and identifying any potential problems due to instrument aging. Extra challenges faced by Terra MODIS and extra efforts made to continuously maintain the calibration and data product quality should be applied to Aqua MODIS. In addition to changes of sensor response and an increasing number of noisy detectors over the extended mission lifetime, the major challenges for TEBs include accurately tracking scan mirror RVS changes over time and monitoring BB emissivity stability.
VI. SUMMARY
Aqua MODIS, launched in May 2002, has operated successfully in orbit for over six years, producing high-quality science products from Earth view observations. Similar to Terra MODIS, all the OBCs continue to function as designed, providing useful data to track the performance of MODIS [18] , [32] [33] [34] . Improvements in prelaunch measurements, based on lessons learned from Terra MODIS, led to better characterization of MODIS TEB RVS. On-orbit, the 16 TEBs, with center wavelengths between 3.75 and 14.24 μm, have exceeded nearly all of their design specifications. The 160 individual TEB detectors (10/band) have remained stable with a single noisy detector identified prelaunch, and three additional detectors are identified as noisy after six years of operation. The band averaged NEdTs are well within the specified values and have remained stable over the six years. The onboard BB, the primary calibration element for the TEB, has shown short-term variations of less than +15 mK and an annual temperature drift of less than 2 mK. The CFPA, controlled at 83 K, has shown short-term temperature stability of less than +35 mK. The TEB long-term response trends are annually less than 0.15% for the short-and midwave bands and less than 0.05% for the majority of the long-wave bands.
